Optical, micro-structural, thermal and electrical properties of the investigated potassium nitrate (KNO3) samples were characterized by various techniques such as X-ray analysis, scanning electron microscopy, UV-VIS-NIR absorption and dierential scanning calorimetry. The presence of structural phase transition is checked by dierential scanning calorimetry, electrical and X-ray analysis measurement. The thermal energy required for such transformation is calculated and found to be 46.2 J/g. The activation energies of the electrical conduction for KNO3 were found to be 0.236 eV for phase II and 0.967 eV for phase I. The optical band gaps of KNO3 for the higher photon energy are calculated and equal to 5.03 and 5.01 eV for II and I phases, respectively and at lower photon energy, the values are equal to 3.84 and 3.80 eV for II and I phases, respectively. The data which leads to the interpretation of electronic spectra of potassium nitrate is possible to assume that the long wavelength part of absorption band corresponds to nπ * transition. Then, the short-wavelength part is probably due to the transition in a higher excited state of symmetry ππ * . The mean values of crystalline sizes are determined by scanning electron microscopy analysis. Such information can considerably aid in understanding the process of transformations near the phase crystal modications at 129
Introduction
Phase transitions are important in most areas of solid state science. They are interesting academically, e.g. a considerable slice of current research in solid state physics concerns soft mode theory, which is one aspect of phase transitions, and they are important technologically, e.g. in the synthesis of diamond from graphite, the processes for strengthening of steel and the properties of ferroelectricity and ferromagnetism [1] .
Polymorphism is often characterized as the ability of a substance to exist as two or more crystalline phases that have dierent arrangements and/or conformations of the molecules in the crystal lattice [2, 3] . The methods available for the physical characterization of the solid material, it is generally agreed that the crystallography, the microscopy, the thermal analysis, the spectroscopy, e.g., IR, and, and optical properties are the most useful methods for characterization of polymorphs. If a crystalline material is capable of existing in two or more polymorphic forms (e.g. diamond and graphite), the process of transformation from one polymorph to another is a phase transition.
The instability of the lattice systems, related to the phase transitions, has been attributed to soft modes or anomalous uctuations in orderdisorder congurations of constituents of the crystals [4] . The phase * corresponding author; e-mail: profdrstahahassan@gmail.com transformation of AgNO 3 was studied by optical, microstructure and thermal measurements [5] . Previous studies show that the origin of the orientational disorder observed in KNO 3 , AgNO 3 and NaNO 3 and the resulting orderdisorder phase transition [5] . AgNO 3 has a topological link with the aragonite structure of KNO 3 II.
When there are suciently large thermal liberations of NO 3 ions, the structure of phase II (of AgNO 3 ) can be converted homogeneously to the high temperature NaNO 3 structure of phase I [5] .
There has been only little information on the electronic properties of the crystals near the phase transition points [6] . To understand the microscopic structure in the phase transition of the dielectric crystal, it is important to investigate the anomaly related to the electronic state near the transition points [4] . 
KNO 3 has several dierent phases depending on temperatures. When KNO 3 is heated from room temperature through the transition point ≈129
• C, KNO 3 transforms from orthorhombic (phase II, P nma) to trigonal structure (phase I, R3m) [4] . On cooling from the phase I, KNO 3 passes through another trigonal phase (phase III, R3m), in the temperature range from ≈124
to 100 • C, before reverting to the phase II. (The phase III exhibits ferroelectric properties [7] .) Infrared [8, 9] and Raman spectra [10] of KNO 3 have been measured, in order to study the lattice dynamics of the dierent phases.
Ultraviolet absorption of KNO 3 at ≈4.1 eV was measured by Cleaver et al. [11] and was attributed to the intramolecular electronic transition in the NO − 3 ion [12, 13] . 
Experimental
For the phases preparation of KNO 3 , the rst It is clear that the electrical resistivity decreases gradually with temperature up to ≈129
• C; after this temperature, ρ decreases quickly. Figure 2b shows the relation between 1000/T and ln ρ which is drawn in order to obtain the activation energy of the electrical conduction for KNO 3 before and after the phase transition process [15] . Accordingly, the activation energy values are calculated and found to be 0.236 eV for phase II (phase II, i.e. from room temperature up to the transition temperature point ≈129
• C) and 0.967 eV for phase I (phase I, i.e. above the transition temperature point). The mean values of crystalline sizes of phases I and II are determined, for phase II are between 3.09 to 3.17 µm and for phase I are between 3.35 to 3.76 µm. It is shown from two images for KNO 3 that the crystalline size for phase I is greater than that for phase II. The presence of II → I phase transformations in KNO 3 is supported and conrmed by electrical and X-ray analysis measurements.
Fig. 4. SEM images for phases II and I for KNO3.
The surface morphology of KNO 3 samples changes due to the eect of the transformation temperature on the studied sample. This can be attributed to the changes in the intensity of the XRD patterns or due to the changes in the preferred orientations of the planes inside the samples through the transformation process.
Optical properties of potassium nitrate (KNO 3 )
Diuse reection is the reection of light from a surface such that an incident ray is reected at many angles rather than at just one angle as in the case of specular reection. A surface built from a non-absorbing powder such as plaster, or from bers such as paper, or from a polycrystalline material such as white marble, reects light diusely with great eciency. Many common materials exhibit a mixture of specular and diuse reection.
Diuse reection from solids is generally not due to surface roughness. A at surface is indeed required to give specular reection, but it does not prevent diuse reection [18] .
Since light cannot penetrate opaque (solid) samples, it is reected on the surface of the samples. 
where R is the measured diused reectance of the KNO 3 samples of two phases and F (R) is the so-called Kubelka
Munk function which corresponds to the absorbance.
The KubelkaMunk function F (R) values were converted to the linear absorption coecient by the relation [24, 25] :
where t is the thickness of KNO 3 powders. The value of the optical band gap E g can be calculated using the fundamental absorption which corresponds to electron excitation from the valence band to the conduction band.
The optical band gap of KNO 3 of dierent phases (II, I)
can be determined by the following equation [26, 27] :
We modify this equation to be suitable to use the KubelkaMunk function and its related linear absorption coecient as follows:
where A is an energy independent constant and E g is the determined optical band gap of KNO 3 of dierent phases (II, I) powders, n is a constant which determines the type of optical transitions and for indirect allowed transition, n = 2 and for direct allowed transition, n = 1/2. At lower wavelengths, DR of the two plots of (II and I)
phases are approximately superimposed on each other.
At higher wavelengths the DR of phase I is higher than II, which can be attributed to structure modications from (phase II) to (phase I). We should mention that all the equations were programmed by using Excel sheet software and all graphs were graphed by origin 7. spectrum exist for this compound [28, 29] . The molecular electronic transitions exist: σ → σ * , π → π * , n → σ * and n → π * as shown in Fig. 6 .
The analysis of experimental data [30] , which leads to the interpretation of electronic spectra of alkali nitrate crystals. It is possible to assume that the long wavelength part of absorption band corresponds to nπ * transition.
Then the short-wavelength part is probably due to the transition in a higher excited state of symmetry ππ * . The position of the n → π * absorption peak does not shift with photon energy for phases I and II for KNO 3 .
It is shown that at higher wavelengths, the energy band gap decreases for phases I and II than that for at lower wavelengths. This indicates that the optical band gap of KNO 3 change strongly for phase I and phase II. It is expected that the changes of the band gap of KNO 3 for phase I and II which are due to the increase of temperature may be due to the presence of phase transition.
By a coupling between the intramolecular vibration and the intramolecular electronic transition of the NO − 3 ion, the transition probability of the n → π * transition is seriously inuenced by the structural phase transition of KNO 3 . So we have observed the singularity of the absorption spectrum for phases II and I, i.e., before and after phase transition temperature as given in previous gures. Increasing the temperature, especially near the transition point, considerably increases the probability of reorientations of the molecules. At the phase transition, the character of the reorientations qualitatively changes, which should lead to a change of the characteristics of the material [5] .
To conrm or support the results which depend on the calculations of the optical constants of KNO 3 for phases I
and II, we calculate the absorption index (k) which depends on the diused reectance data from the equation k = αλ/4π [23] . By plotting of the absorption index against wavelength is shown in Fig. 8 . 
